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lection at the same rate? (2) Has inbreeding played any role in the evolution of the reversed-selection stocks?
But another level of interest is that of physiological mechanism. The mechanisms of desiccation resistance in insects, and in Drosophila particularly, have been studied intensively (Wigglesworth 1972 Another point of experimental concern is differences in surface hydrocarbons, which are known to play an important role in determining rates of water loss through the cuticle (Edney 1977; Hadley 1984) . Another physiological character of interest to us is flight duration (see, e.g., Graves et al. 1988 ; Graves and Rose 1990 ). The metabolic basis of this character is reasonably well-known in Drosophila. Glycogen is known to be the exclusive reserve substance fueling flight, exhaustion of glycogen leading to cessation of flight (Williams, Barnes, and Sawyer 1943; Wigglesworth 1949 ). However, the glycogen used appears to be that in the fat body; females flown to exhaustion contain glycogen in the oocytes (Wigglesworth 1949 ). Lipids are not consumed for flight, nor is there any conversion of lipid into glycogen or vice versa.
Our results indicate the presence of at least two distinct physiological mechanisms involved in the postponement of aging, one bound up with the determination of starvation resistance, depending primarily on lipid level, and one involved in desiccation resistance and flight duration, depending primarily on glycogen level.
Material and Methods

Stocks
The lines used in this study were originally described in Rose (1984) and Service et al. ( , 1988 . Five replicate lines were subjected to selection for early-and late-life fitness (B and O lines, respectively). The O lines are currently maintained in discrete 10-wk generations while their control populations (B) are maintained on 2-wk generations. The 10 populations were derived simultaneously from a common ancestral population that had been maintained for the preceding 5 yr under conditions favoring early-life fitness. All populations used in this study have been maintained in cages at population sizes on the order of 103-10.
All flies used in these experiments developed at larval densities between 60 and 100 in standard molasses-banana medium, as described in Rose (1984) . These populations were maintained at those densities as adults until the physiological assays were performed. The age of the flies used in the physiological assays was between 7 and 12 d after eclosion and only females were tested, unless otherwise specified. The flies were reared and maintained at 25oC on a 24-h light cycle.
Four replicate RU lines were created by placing O lines on a 2-wk reproduction schedule as described in Service et al. (1988) . To test for inbreeding depression, a series of reciprocal crosses were made between all possible combinations of the replicate RU lines: RU1 X RU2, RU1 X RU3, RU1 X RU4, RU2 X RU3, RU2 X RU4, and RU3 X RU4. These reciprocal crosses were prepared by removing 20 replicate samples of 50 virgin females from the pure cultures and mating them in vials with 50 males. Each crossed population was reared as 20 vials of 60-100 eggs each. Individuals used in the physiological assays were randomly chosen from flies that emerged from these vials. The crossed populations were tested against control pure lines that had been produced in the same fashion.
In addition, flies selected for increased desiccation resistance, called D stocks, were compared with their controls, C stocks, that were otherwise handled in the same manner ). These D and C stocks were derived from O stocks but were cultured at early ages. The longevity of D stocks is greater than that of C stocks (data not shown). Desiccation resistance is substantially increased in D stocks relative to C, O, or B stocks (data not shown).
Longevity, Flight Duration, Glycogen, and Stress-Resistance Assays
Longevity for females and males, flight duration, and resistance to desiccation, ethanol, and starvation were tested for the RU selection lines relative to B and O control lines.
Longevity of females and males was measured by placing one female and one male in a standard 25 x 95-mm shell vial with the bottom quarter filled with molasses-banana medium. The flies were transferred three times a week. Upon the death of one of the flies, a replacement fly of the same sex was added, so that all flies experienced the presence of a mate throughout the longevity assay. Forty pairs were assayed per replicate population.
The technique used to stimulate tethered flight is described in and Graves and Rose (1990) . This involves lightly etherizing the fly and then tethering it to a light test piece of fishing line by use of Duco cement. The fly can be stimulated to fly by use of the tarsal reflex or by lightly passing an air current along the head-tail axis. Drosophila can be flown to exhaustion by this technique by an observer who immediately stimulates the fly at any momentary cessation of flight.
The desiccation, ethanol, and starvation-resistance assays are described in . In brief, these assays consist of four females being placed in a 25 X 95-mm shell vial. For the starvation assay, the females are confined to the bottom quarter of the vial, with a half sponge separating the flies from two cotton plugs that have been saturated with 3 mL of distilled water. The vial is then covered with Parafilm to prevent evaporation. In the case of the ethanol assay 3 mL of 15% ethanol solution are added to the cotton plug in place of water, and in the case of the desiccation assay, the cotton plugs are replaced with 3 mL of Drierite desiccant. The flies undergoing stress are then observed hourly in the case of desiccation and every 6 h in the case of starvation. The flies were recorded as dead when they no longer responded to physical stimulus.
Glycogen was assayed by microseparation of glycogen after the technique of Van Handel (1965) was performed on the five replicate B and O populations both before and after desiccation. Three females were used for each assay; the females were chosen that were of equal size distributions between the two lines. A total of five assays, thus containing 15 females, were performed for each population, in the two lines. The results are reported as micrograms of substance per three females.
Water Loss Rates and Surface Hydrocarbons
Virgin B and O line males and females were separated at eclosion and analyzed at 5 d of age. Flies were killed by exposure to cyanide vapor, and water-loss rates (WLRs) were determined gravimetrically on replicate samples of 20 flies as discussed in Toolson (1982) ; three replicate samples were used for each sex from each of the 10 experimental populations.
After WLR determination, epicuticular hydrocarbons (HCs) were extracted and isolated by placing each sample of flies on a Biosil-A minicolumn and washing the column with 8 mL hexane (Toolson et al. 1990 ). An internal standard (5.0 pg n-docsane) was added to each extract, and the HCs were then analyzed by capillary gas-liquid chromatography.
The Effect of Tethered Flight on Desiccation and Starvation Resistance
To test the relationship of desiccation and starvation resistance to flight duration and hence to glycogen reserves in these lines, 40 females were flown to exhaustion for the five replicate B, O, and four replicate RU selection lines. Typical flight durations for these lines are shown in figure 1. Flies flown to exhaustion were untethered and placed in the desiccation and starvation assays as described above.
Two control groups were set up, the first group was not flown (NF), or exposed to ether (NE) or gluing (NG). The second control group was etherized, and then tethered with glue, but not flown (G,E). The second control was allowed to wake up and then released and placed in starvation and desiccation assays. The largest cause of immediate death in the (G,E) group was mechanical damage due to release from the tether. Flies killed in this way were not recorded in the stress assays; however, some flies with sublethal injuries may have been included in this group. To minimize this, flies were observed for several minutes for erratic behavior; suspect flies were removed from the (G,E) control. There is no reason to believe that there was any bias in the injuries due to release for any population.
The of the total HC fraction, and we restricted subsequent analyses to these HCs, which ranged in size from C21 to C29. As shown in table 1, males yielded approximately twice as much total HC as females, a significant difference, but no statistically significant treatment differences were detected. Figure 8 shows the within-line comparisons for the effect of flight on starvation resistance. The mean differences were tested by means of a Student's t-test for the replicate populations. Within-line comparisons showed that both control groups (NF,NG,NE) and (NF,G,E) were not significantly different from flies flown to exhaustion in the B and RU lines. In the O lines there was not a significant decrease in survival time due to flight (flown and NF,G,E). However, there was a slight effect of exposure to glue and ether on starvation resistance (NF,NG,NE and NF,G,E). In the between-line com- The chief anomaly for this interpretation is the intermediate value of glycogen in the RU populations, given the absence of a difference in desiccation resistance and flight duration between B and RU stocks. It is possible that the cause of this problem is found in the action of genes that affect both allocation of calories to different reserve substances as well as acquisition of such caloric reserves. In particular, we do not want to assert that glycogen is the sole determinant of differentiation in desiccation or flight phenotypes. The WLR data from dead flies given here already indicate that this might not be a tenable interpretation, although one could image that the WLR might be slowed by the hydrophilic properties of residual glycogen reserves in dead flies.
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